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Abstract— Depletion of world petroleum resources and air 
pollution has led to a search for alternative sources for fossil fuel, 
including diesel. Because of the similarity with petro-diesel, 
biodiesel fuel (fatty acid methyl ester) from vegetable oils, animal 
fats and recycled cooking oil is considered as the best candidate for 
diesel fuel substitute in diesel engines. Biodiesel helps in extending 
engine life, improving fuel economy, decreasing air pollution and 
reducing reliance on foreign and fossil fuel. In this paper the effect 
of microwave radiation on trans-esterification of waste cooking oil 
(from restaurants and from industrial food processors) in presence 
of alkali catalyst in batch process was studied. For optimal yield 
ratio of oil to methanol was 1:6, 0.4 w% KOH for 200 seconds in 
domestic microwave oven. Later on results were compared with 
conventional heating process of trans-esterification. From this work 
it is concluded that biodiesel can be produced from waste cooking 
oil using microwave radiation with significant reduction in 
production time. 
Keywords— WCO, Trans-esterification, microwave, biodiesel, 
alkali catalyst 
I.  INTRODUCTION 
Biodiesel (biological oil) is one of the alternative fuels that 
are produced from renewable sources. It is also called as mono 
alkyl ester of long chain fatty acid and it can be derived from 
various biological sources such as vegetable oil and animal fats. 
It can be made from a diverse mix of feed stocks including 
Waste cooking oil. Hundred years ago, Rudolf Diesel tested 
vegetable oil as fuel for his engine. In 1930s and 1940s 
vegetable oils (VOs) were used as diesel fuels, but only in 
emergency situations [1]. Alternative fuels for diesel engines 
are becoming increasingly important due to diminishing 
petroleum reserves and the environmental consequences of 
exhaust gases from petroleum fuelled engines [2]. Although the 
calorific value of VOs is as good as diesel fuel but the low 
volatility and high viscosity of VOs prohibits its direct 
application as fuel for diesel engines. However, this technical 
problem of higher viscosity of VOs has been overcome by 
trans-esterification [3]. Trans-esterification is the process of 
reacting triglyceride (vegetable oils) with alcohol in presence of 
catalyst. During the transesterification process, triglycerides are 
first converted to diglycerides, which in turn are converted to 
monoglycerides, and then to glycerol. Each step produces a 
molecule of an ester of a fatty acid [4]. 
Waste cooking oil is taken as feed stock for production of 
Biodiesel; it offers a triple fact solution: economic, 
environmental and waste management. The term “waste 
vegetable oil” (WVO) refers to vegetable oil which has been 
used in food production and which is no longer viable for its 
intended use. It is can be collect from variety of sources, e.g., 
food industry, restaurants or houses. Production of biodiesel 
from Waste cooking oil to partially substitute petroleum diesel 
is an alternative way for environment protection and energy 
security. 
Trans-esterification is a process in which the glycerin is 
separated from WVO. It refers to catalyzed chemical reaction 
involving vegetable oil and an alcohol to yield fatty acid alkyl 
esters (i.e. Biodiesel) and glycerol. 
 
 
Fig 1.1: A schematic representation of the Trans-
esterification of triglycerides (vegetable oil) with methanol 
to produce fatty acid methyl esters (Biodiesel) (R=CH3). 
This process can convert oil to biodiesel up to 80 to 94% in 
30 min to 2 hr [5]. The yields were dictated by molar ratio of 
the oil to alcohol, reaction time, temperature, catalyst type, 
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catalyst concentration, triglyceride properties, and 
mixing intensity. 
An alternative to conventional heating trans-esterification is 
the microwave-assisted trans-esterification. This means that 
microwave radiation for biodiesel synthesis is more efficient in 
reducing the time required for the reaction and separation of the 
products and offers a better way to synthesize biodiesel when 
compared to conventional mode of heating as well as improve 
product yields under atmospheric conditions [6] [7]. It is due to 
the fact that microwave radiation activates the smallest degree 
of variance of polar molecules and ions such as alcohol with the 
continuously changing magnetic field.  
The use of vegetable oils as alternative fuels has been 
around for one hundred years when the inventor of the diesel 
engine Rudolph Diesel first tested peanut oil, in his 
compression-ignition engine. In 1970, scientists discovered that 
the viscosity of vegetable oils could be reduced by a simple 
chemical process and that it could perform as diesel fuel in 
modern engine. Considerable efforts have been made to develop 
vegetable oil derivatives that approximate the properties and 
performance of the hydrocarbon-based diesel fuels. Bio-diesel 
production is a very modern and technological area for 
researchers due to the relevance that it is winning every day 
because of the increase in the petroleum price and the 
environmental advantages. Trans-esterification is the most 
common method and leads to mono-alkyl esters of vegetable 
oils and fats, now called bio-diesel when used for fuel purposes 
[8]. 
The diesel fuel has a closer properties, biodiesel fuel (fatty 
acid methyl ester) from vegetable oil is considered as the best 
candidate for diesel fuel substitute in diesel engines. Biodiesel is 
the fastest growing alternative fuel in the country. Biodiesel’s 
has ability to extend engine life, improve fuel economy, 
decrease air pollution and reduce reliance on foreign fuel. The 
use of waste cooking oil to produce biodiesel reduced the raw 
material cost [9]. 
II.  MATERIALS  
Waste Cooking Oil was collected from the local restaurant 
in Muscat, Oman. This oil was filtered and used for the 
production of biodiesel. In this work, Potassium hydroxide was 
used as alkali catalyst. In comparison with other alcohols, 
methanol is cheaper and has better physical and chemical 
properties (polar and shortest chain alcohol), and it was used as 
a reactant. Potassium hydroxide, methanol and sulphuric acid 
were purchased from Schalau Chemie S.A, Spain. Other 
required chemicals purchased from local market were of 
analytical reagent great. In this study domestic oven was used of 
LG company make. Total work was done at fixed power of 160 
wt.  
III.  BIODIESEL PRODUCTION  
Waste cooking oil was used in this study. Waste Cooking 
Oil contains an initial acid value of 2.3 mg which is >1 mg 
KOH per gram of oil. Therefore, biodiesel production was 
performed in two-step reaction mechanisms: 
 Acid-Catalyzed Esterification. 
 Base-Catalyzed Trans-esterification.  
A.   Acid Catalyzed esterification 
The Waste Cooking Oil used in this study had an initial acid 
value of 2.3 mg KOH/g corresponding to a free fatty acid (FFA) 
level of 3.1%, which is above the 1% limit for a satisfactory 
trans-esterification reaction using an alkaline catalyst [10]. In 
this pretreatment, methanol-to-oil ratio was taken as 4:1 w/w 
and 0.4 w% of H2SO4 was used. This mixture was heated in LG 
make domestic microwave oven with occasional shaking for 60 
seconds. Power level was set at 160 W. This pretreatment was 
done with every set before mixture was set for trans-
esterification.  
B.  Base-Catalyzed Trans-esterification 
The method applied for the production of biodiesel from 
WCO in this study is base-catalyzed trans-esterification in a 
laboratory-scale setup. The reaction was performed using 
methanol as alcohol and KOH as catalyst. The trans-
esterification process was studied at three KOH catalyst 
loadings (0.01, 0.02 and 0.04 g), three oil to methanol w/w 
ratios (1:6, 1:8, and 1:10) and three time variations. Results are 
listed in table. After the reaction, the excess methanol was 
removed by vacuum distillation and then the trans-esterification 
products were poured into a separating funnel for phase 
separation. After phase separation, the top layer (biodiesel), was 
separated and washed with distilled water in order to remove the 
impurities. Then the biodiesel was heated above 100
0
C, to 
remove the moisture.  
IV. RESULT AND DISCUSSION 
Conventional heating set was also studied for methanol, 
catalyst and time variation and results are given in table 1. 
Maximum yield of biodiesel yield was 3.1g with 50g methanol 
in 5 hrs refluxing set. In table 2, 3 and 4 results of methanol, 
time and catalyst variation are summarized. It is clear that 
microwave radiation is one of the best tools for trans-
esterification of waste cooking oil. Optimum yield was found 
when methanol to oil ratio was 6:1. As clear from table 2, 
biodiesel yield was decreasing with increasing the amount of 
methanol. More study is required in this area to find the reasons 
behind this observation.  
In case of alkali catalyst variation biodiesel yield increased 
with increase in alkali catalyst concentration. But due to soap 
formation and difficulty in product separation, yield decreased 
as catalyst amount increased to 0.4 w%. During this study, 
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effect of time was also studied. Yield of biodiesel was 
found to be increasing with time. But to avoid bumping and 
overheating, no study was done after 200 seconds.  
Biodiesel production by microwave irradiation was due to 
direct adsorption of the radiation by the polar group (OH group) 
of methanol. It is speculated that the OH group is directly 
excited by microwave radiation, and the local temperature 
around the OH group would be very much higher than its 
environment. Hence, microwave assisted trans-esterification is a 
way of reducing the reaction time, the electrical energy and 
labour costs as compared to the conventional method. And Gas 
Chromatography analysis of biodiesel from waste cooking oil is 
given in table 5. 
TABLE 1 
MEOH: OIL (CONVENTIONAL HEATING) 
MeOH : Oil 
(w/w) 
Time (hr) Catalyst (g) BD Yield (g) 
20:5 3 0.15 No Result 
20:5 3 0.02 2.9 
50:5 5 0.02 3.1 
 
TABLE 2 
MEOH: OIL VARIATION 
MeOH : Oil 
(w/w) 
Time (s) Catalyst (g) BD Yield (g) 
30:5 80 0.02g 4.7 
40:5 80 0.02g 4.5 
50:5 80 0.02g 4.2 
 
TABLE 3 
CATALYST VARIATION 
Catalyst  (g) Time (s) MeOH : Oil 
(w/w) 
BD Yield 
(g) 
0.01 140 40:5 4.2 
0.02 140 40:5 4.5 
0.04 140 40:5 4.1 
 
TABLE 4 
TIME VARIATION 
Time (s) MeOH: Oil 
(w/w) 
Catalyst 
(g) 
BD Yield 
80 50:5 0.02 4.2 
140 50:5 0.02 4.3 
200 50:5 0.02 4.4 
 
TABLE 5 
GC RESULT OF BIODIESEL FROM WCO 
Component % Concentration 
9-Octadecenoic acid 40.898 % 
Pentadecanoic acid 40.779 % 
8,11-octadecadienoic acid  10.052 % 
Heptadecanoic acid 3.699 % 
9-Octadecenoic acid 1.125 % 
n-Hexadeecanoic acid 1.094 % 
 
V. CONCLUSION  
In this work, biodiesel was produced from Waste cooking 
oil using microwave radiation and with the help of two-step 
trans-esterification. It was observed that microwave radiation 
helps the synthesis of fatty acid methyl esters (biodiesel) from 
waste cooking oil, and higher biodiesel conversion can be 
obtained within a few minutes, whereas the conventional 
heating process takes more than 5 hrs.  
In the current investigation, it has confirmed that Waste 
cooking oil may be used as resource to obtain biodiesel. The 
experimental result shows that alkali catalyzed trans-
esterification is a promising area of research for the production 
of biodiesel in large scale. Effects of different parameters such 
as time, reactant ratio and catalyst concentration on the 
biodiesel yield were analyzed. The best combination of the 
parameters was found as 6:1 w/w ratio of Methanol to oil, 0.4 
w% (0.02g) of KOH as catalyst and 200 seconds of reaction 
time. The viscosity of Waste cooking oil reduces substantially 
after trans-esterification and is comparable to diesel. Biodiesel 
characteristics like density, viscosity, flash point, and pour point 
were studied and are found as comparable to diesel. 
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